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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a zinc oxide thin 
film by affording a specific plane of a zinc oxide 
crystal with an X-ray diffraction peak to improve its 
texture and short-circuit current density without 
needing high-temperature conditions and film thickening. 

SOLUTION: The (103)-plane of a zinc oxide crystal is 
afforded with an X-ray diffraction peak; preferably, the 



X ray diffraction intensity of the (103) plane is 
brought to ^ 1/3-fold that of the (002)-plane, and also 
preferably, to a level at or higher than that of the 
(101)-plane. As a result, the objective zinc oxide thin 
film with surface design rich in unevenness effective in 
light containment This zinc oxide thin film is obtained 
through electrodeposition process; wherein an aqueous 
solution containing nitrate ion, zinc ion and a 
hydrocarbon is controlled so as to afford the 
(103)-plane of a zinc oxide crystal with an X-ray 
diffraction peak. 
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m*mWm%fflMIT<7)%W*£ (op)tfl. Ox 
lO-'S/cmfiU:. BgSSS (ad) ifil. 0X10 



(CPM) £«U7-A.y?x-ti;-#5 5meVja 
T, J3tt»<Mfi»41 0'VcmWok<7)*<#i§fc 

[0016] ( 2 ) H-e>i/Ji ( pS*NMM*fctt 

nlfi*l) 

(pS^fM&fcttnSMHMM) t, 

wim&trn (uc-tm-ti) ttxn. mm 

a-Si :H, a-Si :HX, a-SiC:H, a- 
SiC:HX, a-SiGe:H, a-SiGe:H 
X, a-SiGeC:H. a-SiGeC:HX, a- 
SiO:H, a-SiO:HX, a-SiN:H, a- 
SiN:HX, a-SiON:H, a-SiON:H 
X, a-SiOCN:H, a-SiOCN:HX, 
-Si :H, uc-Si : HX, /xc-S iC : H, u 
c-SiC:HX, wc-SiO:H, ^c-SiO: 
HX, /<c-SiN:H, juc — SiN:HX, *tc- 
SiGeC:H, MC-SiGeC:HX, uc-Si 
ON : H, uc-S i ON : HX, uc-S i OCN : 
H, ,uc-SiOCN : HX, tft pSOfflTCflHWH 
<««WW»IIIttBfiPB, Al , Ga, I n. T 1 ) 

^nsom^wn(jimimivMaR?p. as, 

Sb, B i ) £itJiftKK»L£tt^W*>*U £g 
JWTO (poly - ) fc LT<4s Mitfp o 
ly-Si :H, poly-Si :HX, poly-S 
iC:H, poly-SiC:HX. poly-Si 
0:H, poly-SiO:HX, poly-SiN: 
H, P oly-SiN:HX, poly-SiGeC: 
H, poly-SiGeC:HX, poly-SiO 
N:H, poly-Si ON :HX, poly-SiO 
CN:H, p o 1 y-S i OCN : HX, poly-S 
i, poly— SiC, poly-SiO, poly — 

s i n, «tzp9oft«?0jfflfl (mmmnum 

fB, Al, Ga, In.Tl) ^n&OfiWFigMftiJ 

(mmmmvmiB.TP , as, st>, bo zsmig. 
A> h^-v •yy-nfomm^mmmtx^h. t 

fc, pMMtMinWSiZ'kliZtlZXmiSL? (H, 
D) ftfcttAa^VftTttpSMifcttnMaStir* 
#**Mrt4»# £ LpSlifcttnlWO H-h-y^ 

sws*i6]±sif-ifc<?5-e*6. pawifcjinSJB^ai 

1 %frt> 5 0%-CS) y . pMM£ tittnSmiffiiMKD 
«^l%*»fe4 0X**«kOa*LV^ pSBifcJinS 
«* 5 M^tt<0^, *SJ©7£fc«4An^yj£^J40. 
l~10%*UOS*L^4tLT^(f^S. 
ASS^«pS«fttXni!loiBSW$tti: LTJivSttftx 
*/M?-*<0. 2eVHTOWKL<, 0. le 



(7) 
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Oftc mOT*W * L< , 1 « c mOT* { «jif * £ . 

pSia^nMiiOilJiC<il~5 0nm^m 
IX. 3~10nm^gaT?)S. 
[00 17] (3)mW«*S 

*o«H3Wil 0MHz~3GHz*«ff4U^«Hkt 
T&tf 6*1*. ftflcWfcli, 13. 56MHzf«RF 
ft. 1 OOMHz^OVHFjS, 2. 4 5GHzf«7 

«#xfc LXit. WayBH-ZtftiLlztiziLim 

x^^f^ffl^^. JWWWiliWitf. Si 
H 4 , Si 2 H 6 , SiF 4 , S i FH 3 , SiF 2 H 2 , S 
i F 3 H, Si 3 H 8> SiD 4> S i HD 3 , SiH 
2 D 2 , SiH 3 D, SiFDj, SiF 2 D 2> Si 2 D 3 H 
3 . (SiF 2 ) 5 , (SiF 2 ) 6 , (SiF 2 ) 4 , Si 2 
^6 » S i 3 F 8 , SisHaF^ S i 2 H3 F 3 » SiC 
l 4t (SiCl 2 ) 6 , SiBr 4 , (SiBr 2 ) 6 , S 
i 2 Cl 6 , SiHC l 3 , SiHjBrj, SiH 2 C 

h. s i 2 c 1 3 F 3 & y<n*tximv>*t:\m%< l z*ix 

izpmisitziinWBtmxztimMi: tximmm 

?®Am&miMk ixumzmzti&hcot tx 
«i. AfmMtttv&ttzmbLxit* b 2 h 6 , b 

4 H|o> B5 H9 , BsHii, BgHio, BeHi 2 , B$Hi 4 

voftsflrt^v. bf 3 , bci 3 , mwvayvtob 
wmzmfh^kftx'^h. zcomnzA \ci 3 , 

GaCI 3 , I nC 1 3 , Tl C ljftflfS^^t 

**. fcB 2 H 8 , BF 3 imLx^z>.mvt$ffi.?m 
xm&mmb ix^mzmmzti&Mt, mmz 
itm=fm*mb ixitp h 3 , p 2 H 4 tfo**fl», 

PH 4 I, PF 3 , PF 5 . PCI3, PCl 8 , PBr 3 , 

p b r 5 , pi 3 m<r>wy>immif t>tit> . zna 

*>AsH 3 , AsF 3> AsC l 3 , As B r 3 . As 
F 5 , SbH 3> SbF 3 , SbF 5> SbCl 3> SbC 
l 5> B i H 3> BiClg, B i Br&bWflZbtf 

Tii. mzPH 3 , PF 3 #mix^i. tKmitfx 

fliM*4'ffc£1&£H, p He, Ne, Ar, Xe, Kr 

$<7)fi*x-m$iftiximmizmAixi>&\\ & 
MtM*»<i*ttMNiNe*a-s i c : h^o 

ftA7-£$Atl><Wi!F4 Uvf,oT*&. 



^ tars 4. ytw<9 hi^Wittm-thtztt) 

^xntanxmsR** y 7Hcfci*JKiwiw**<"*- 
A^maa* . 3 mvxtomt t&zti>x'Z&. z 

tit,? yfA^MIi . *ft-f ftoftiSS:fr fHi^fliSfc 
jMfltTfcftnU a-5ttA^. -t=5ri)*>P i n + P 
i nOMt^^L, pin + ^8»h*-^4 

-f^yriz-f^/, cvD^MjftiWifflt 
■o>*. cvD^xHB8i6fcLT«. dc, mm. 

RF. ?OB»t'»5. CVD<DK$#Xfc 

[0018] #«BJifc»VvC , m««®2 0 5fcL i§BJJ 
««M 2 0 4 <0ffifii*a%4HK <"C£3rV 
fc« fcT Sliffi»<BW 2 0 4 ±o-S4Hcj&j*S *u « 

£t*. MfiaTIi IB, r;u5-^ 

A. ^-y^/k ^'jy-rV. 9VYXf 

tt^mzm^mm^-zhzb'timf^tih. ztx 
«»^*tt5!i*4v^wtc«»u. mbtmizmz 

4fc, ***««t«3a^J:WWajW-4*^. X9E 
[0019] 

mmmizm?x*%.wmimmwtz> 
mmmi ] fi*itP i n«f^3o*r-r*H2o 

*RMtfft?&#lSLfc. S»^2 0 1-1 

(SUS430 15X15cm^$0. 2mm)/ 



(8) 
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&m (Ag) 20 1-2/jOTWW! (ZnO) 20 

2/^*«ts 2 o 3/mmm < i t o > 2 0 4 /% 
mmm < c r > 2 0 sriirtSftfcjHMafc-Lie-ca 

^f£T'#j£Uc. 3d*»2 0 1 - 1 _btc^JW 
fflAg20 1-2£ffl$<^N , -y?£-Cfft£LT, 

mm? 6 0 w&weii ufftims l 2 

OliC. b 'J LfcBSHtfVfcEIIM 

*y**tf*«F«SfflV^Ta!WPM ( Z n O) 2 0 2 

W b U /«K0 . 0 5 g/ 1 . VSKffiK 10 0mA 
/dm t Us. ¥£#:JB 2 0 3 liH 1 O nl K-Tfl a 
-Si : H : P/^l«iia-S i Ge : H/SUO 
pSb'-TJi/ic-S i : H : B/|g2<7)nSb"-7 , l 
a-S i : H : P/f20ifa-Si Ge : H/352 
CDpSb'-rJfjuc-S i : H : B/83«0nSb'-7 
la-S i : H : P/S&3?) i Sa - S i : H/$&3<0 
pIH-^I/zc-Si : H : Bfc^ofcflfj&Ot>tf)£ 

^x-ecvDtt-cfWLfc. awmijf ( i to) 2 

0 4{iji»<0^A*.y ( C r ) 2 0 5 

itox^tareffr&t*:. S9&wi ( 1 to) 20 

414, VA*y?££*>xm4&FrrXi£!mttiMf> 

±t 1 c mzcommz i> o feRj^Ktw- 1 0 0 mm 1 



*Us. *HffiWi, ffifflUttSHWCl (ZnO) 2 
0 20(002) ffilc J: *x ? ? X*|lWr!l*te*«-* 

(103) ffifci §x - y ?xw®mmntofio~~ 1 1 

3 (C U SOOT* ( Z n O ) 2 0 2 «Wi£< 
l~S9iHl - 5 ) . jS3VM*X^&RH3±, * 

ms^wMAtvms&T&k i a tswts 

a.V—9— ( AM 1 . 5, 1 OOmW/cm', ^iJjg 
jS2 5°C) £JB*vt«}gU #*»«l!W)10 0tt<W 

y-tw^mt*). *<r)±f%mmm&t us. n 

Jfe0J 1 - 1 ~£tt0» l-5»Jsc £Jt$L fc t>«0£T 

i tc^-t. J s c c7>fflii. Hifcfll i - 1 <r>i><r)i i 

fcS^LfcflTOjsLT**. ZixX 0. ( 1 03 ) ffl 
WSi'y ?*MIIilriM&& t > (002) ffl{=J:£>x.y 
? X^HIlff5fi«<0 1 / 3 JaJtoHf y Jsc <9ffiA< 

t tfhfrn tz. 
[0020] 
[Si] 









SJfcfl 








1 - 1 


1 


1 -3 


1 -4 


1 -5 


(103) / (002) 


0 


1/4 


1/3 


2/3 


1 


Jsc 


1.0 


1.1 


1.4 


1.5 


1.5 




0.025 


0.015 


0.1 


0.15 


0.2 



Us. JM*«fc|±. 0 1-1 

(SUS430 15X15cra'ff80. 2mm)/ 

■mm (Ag) 20 i-2/^B^mi (zno) 20 

2/*mWM2 0 3/^BJ#®i (ZnO) 204/« 
( C r ) 2 0 5T*lS§*lfc3!»««£JJE?iB 
"^fe^tt-CfWLfc. i-f s S:S(*:2 0 1 - lifc&K 
EAg201-2£&ft<9*/\V?8reffc£LT, «C 
tt«*2 0 ltf&RUs. B3*>81£J8vvca 
JSM-C6 0X^«l*{=aLT : PftJlflRLfclWtHMs2 

0 1 ±(c, r** b y LfciHM X-ybWM 

*>*%tsjmm*m^xfflmm (zno 202 

£50 0nm^f?tMU. &fH4IIS60iJl 
Lfc. *aWMI203<4«l<OnfiH-rJ|a-Si : 
H: P/Sl(7)ila-SiGe : H/gl lOpSb'- 
7l^c-Si : H : B/Jf*2»nI!K-:rJia-S 

1 : H : P/3S20 i la - S i Ge : H/SI2<y)pS! 
b'-TJB/z c - S i : H : B/HS^nSb'-TJla- 



S i : H : P/H3<Oila-S i : H/H3<0pI!K 
-7°«/tc-S i : H : B k \^tfflf8&>is<?>$:TyX 

vcvDjrcfMius. mnmnm (zno> 20414 

jftftltV (ZnO) 2 0 2 fc |S|«<7)*ftf^L, & 

mm ( c r ) 2 0 5{4a^*sn#ft-e^L^. 
#9HWH (ZnO) 2 04{±, ix^yyizji^xm 

4 fc^-fi 3 fc¥WfMfe0±fc 1 c m^ Offi«^ to/t 

p]ff»tf 1 0 ofli^L-c-ty-fe/i/t u aa<o 

fcagSHW (ZnO) 202, 204O (002) ffl 
t=J:6xir^^«|lttf!S«|cJWS (10 3) fflt J: 4 
x -y zwmtiU&<r>Vc& 0~lC«r*J:afc:Ua« 
(ZnO) 202, 2 0 4 JjlW4^< H tftftT 
fWLfefcW^SilSWKLfc (WtW2-lH«tW 
2-5) . »BJ»rai^»Jfi1-«IRt:l2. 
«B-f*y«BEfeTEai2fc*tJ:d(c3M:S*fc. ^fi 

( AM 1 . 5, 100mW/cm^ affliaK2 5'C) 
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-m&m 2 - 5 «0 J s c £ Jt® U: i> <D 5rTtfO« 2 fcjj* 
t. Js ccoffiti, HMCT2 - 1 <7)i><0£ 1 fcSJgftL 
fcire^LT&S. IftiO, ( 1 03 ) ffitiSX y 
^X^Illi^S*^ (002) ffi^J:l»x.^x|ilIltff 



1 / 3 JELh<W >TiVX Jsc efMWtiaini 

[002 1] 
[H2] 





2-1 


mm 

2 2 


2-3 




2-5 


(103) / (002) 


0 


1/4 


1/3 


2/3 


1 


Jsc 


1.0 


1.0 


1.3 


1.4 


1.5 


(mo JZ/i) 


0.025 


O.OLi 


0.1 


0.15 


0.2 



[§?MB] ¥»#*Kp i nm^3^tm2(D 
±®%mZfFfoU.z. MttMlzlt. 3d#ft2 0 1-1 

(SUS430 1 5X1 5cm!|§0, 2mm) / 
&mm (Ag) 2 0 l-2/jSBJ|g®i (ZnO) 20 
2/¥$fc«2 0 3/W*m%M ( I TO ) 2 0 4/* 
m«H (C r ) 2 0 5T^§tl7t±Kl?6€r±ie-C'^ 
^ttmXftfcltz. t-r, SI** 2 0 1-1 JLt=^« 
lAg20 1-2$a^XyN--y^T^tT. g« 
14£tt2 0 1iHfrj!<;U:. {fcfc. l230SiaSrfflvvCiS 
!»»T" 6 0 'C fOiS^C** L T WDlSt L fc2g«tt*#: 2 

0 lJifc. ^3-^$-^-WUc5SB!^5f>-i:MB^^ 
>5r^tf*?M^fflV^TSB^fl» (ZnO) 202£ 
5 00nm«f§TML/i. -?-<?)|§!. $fi6 0'C. 
JH-zm&O. 1 g/1 , tSM3 0 0mA/dm 
bit:. ^*«203Jimi^nSH-7°Sa-S 

1 : H : P/flSl <0 i Jla- S i Ge : H/^IcOpS 
H-rS^c-S i : H : B/I2(7)nIH-71a- 
S i : H : P/H2cM«a-S i Ge : H/JS2c7>p 
IH-7i^c-Si : H : B/m3c0nSK-rSa 
-Si : H : P/3l3c7)i;ia-S i : H/H3<0 P S! 
K-T«//c-S i : H : B i; V>o^ffifigc0t<50l:T7 
X^CVDftTIML*:. i§HM«l ( I TO) 2 04 

\m%(r>x^y?m. mmmm ( c r ) 20 5imi%cr> 
ugmmfexft&uz. mmmwM ( 1 to) 204 

(i, vx*y^tJ;^TH4£^rj;3fc¥gtt«w± 



tic m2<7)®as: t, ntznmmzwr 1 0 oafm lt 

Lfc. «S?fi(i. fl&S Lfc3S B .33MMf (ZnO) 20 
2 co ( l o 3 ) ffifcil.x-y^xillil^StWS 

don mizz&^ytxmmmg&Dittfo^i . 
5 (c^r§ £oizL. mmnm (znoj 20 2tw± 
±<mt&ftx'ftf$.Ltzi><7)Z5mMmmuz (m&m 

3 - 1 -mMM3 ~ 5 ) . j§HJH»Wl£»]£-f Sl^fc 
Ji. ^Mtf(OffirDW^yiiaS:Tia*3t^J:dtc 

-yiaU-?-(AMl. 5, lOOmW/cm 2 , 
MSS2 5'C) Sr/BwtaiGgU &±ffinMcr>l 0 0 

i'^>h&mm : £i>'Oi>(r>$ : &frir7-t>l>t IX, 

t *) iim Lfc. ggtei 3 - 1 ~sdM« 3 - 5<7)m& 

ViMllKijVitTcvmiZm-t. ZtiJ;*). (10 
3 ) tSdzX Si'v ?X||[Ili/r3$*#>\ (10 1) ffifcj: 

EiSfSJB&L <WznLXfflxX\^h Zbtfbfr 

[0022] 
[313] 





3-1 


mm 

3-2 


mm 

3-3 


3-4 


mm 

3-5 


(101) / (103) 


0 


0.5 


1.0 


1.2 


1.5 




100 


100 


100 


80 


(0 


(mo</2) 


0.1 


0.15 


0.2 


0.3 


0.4 



mmm4 1 mmiz P i n «££ 3^tm2<D ±^mm^u^ utmim. $fi#2 o 1 - 1 
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(SUS430 1 5X1 5cm*ff§0. 2mm) & 
JS« (Ag) 201-2/3BBli(ZnO) 2 02 

/*NWMi 2 o 3/mmwa ( z n o > 2 0 4/mm 
t®(cr)2o 5tisjKSfiJt*iawa6s±ii'cjjK 

fc*ffiffWLfc. *f . £ft*2 01-1 ±t^s« 
A g 2 0 1 - 2 7 ?3lT-ftj£ LT . 

a* 2 0 1 B3«4W»J8^Titii 
art 6 ox;<oawcfcsu-c ; f»JrtfeLfc»iitt»ic2 0 
lie, y)\s?-xz^Ltc.mm4*vtm!ti4*> 
&istj7mmm^xmwmw§ (zno 202^5 

fc. i NWM2 0 3{4»l<0nffiH-r«a-Si : 
H : P/mi<Di Jla-S i Ge : H/^IcOpSH- 
rlflc-Si : H : B/*2«nfiP-7la-S 
i : H : P/Sil2<Di JIa-S i Ge : H/SI2c7)p3! 
K-rl/ic-S i : H : B/Sg3t0nSH-T«a- 
S i : H : P/IS3c0ifla-S i : H/SS30)pSF 
-riMc-Si :H: B t H-jfci80t»i75X 
^CVDScTf&ftU:. SHOT! (ZnO) 2 0 4<i 
SWIM (ZnO) 2 0 2 t Rtt^F2&Tf|!Jft L . * 

mm ( c r ) 2 0 5 im%(?)M£mm&?tttfL l tz . 

I'litKZnO) 2 0 4te. -?X*>nzi.r>Xm 
PBWKfctH 0 0ffl^JtLT^7-fe;Pi U fsh/Wuo 



JtjiB^mi (ZnO) 202. 20 4«?) (103)® 
£J:6x-y ^^HEJtffgfeKtStf 5 (10 1) Bt is 
x-y^xlKsitff^cotfc^O-l . 5fc:£*J:dfcU 
j§HJ»«J1 (ZnO) 202. 2 04JaW4^<Htft 
ftTfl=*U:t>«>£5»IJH«Lfc (3dtW4- 1~H 

»«4-5) . m*mnmmmhmz\±. mm* 
own * ym^rmm izmz o tsats 

(AM 1 . 5, 1 00mW/cm^ HffiiSJg2 5 
°C) £fflvvcffljgu #*^«?ftcoi 0 0ftcOD-7"-fe;P 

n»4 - i -HW94 - 5 <r>mt *) immm4 

-lizmfcLT!mLtzl>cr>ZT(D&4lZ7jk-t. Zil 
X 0 . ( 1 0 3 ) fflfc: J: *x -y ? ^HGttBMW^ ( 1 
0 1 ) B(cJ:SX7^XiSlil^ffiUUico-9-yr^T'^ 

*3W»0lMKB«»nili. ft**) t <r>tizn LTWiTH 

[0023 ] 
[«4] 





4-1 


4-2 


mm 

4-3 


4 -4 


4-5 


(101) / (103) 


0 


0.5 


1.0 


1.2 


1.5 




1.0 


1.0 


1.0 


0.85 


0.80 


(mo i/O 


0.1 


0.1b 


0.2 


0.3 


0.4 



[00 24] 

do3) m<^xv^^*ia*ft-^**f iRflaas 
awsfflv^ j:9ff*u<tt (002) mm<y?xm 
mumsuztttt (io3) bbwxv^x»iii«5s** 

l/3JJLi:i:-rSitfcJ:oT> ftS^^TT^^ 

x^-s*ifli±$-fr, £tt«st*x (jsc) wax* 
(ion mnxvrxMmmamkt-t&zbtzj: 

< , *Mt*>|6Lt Lfc3l£*£8l*?£3S£-*-«, £ i: ifiX' 



iM2)*m<om.mmw-jmx'$>imm] 

[03 ] *^B^,K^ffit8»)8<O»lJ^ilOfl|«^-0iJ 

[04 ] *^<osai«^iwfflW7'*/w)»«a 
i/mimmthtzibntg^mmmxh & . 

[«f#<o^l 

2 0 1: 

2 0 1-1 : 383* 
20 1-2 
201-3 

202: mmmm 



mmmmrn 



(11) 
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o n a 




q n o 
3 U o 


: SKA^— 






o n ^ 


. rtR 1 vrtr * * J -7" 


30 1 




3 1 0 


: VimwM r 


302 




31 1 


: mmmmxyr 


303 




312 




304 




313 


*i«*f 


305 




314 




306 


mm 


315 




307 : 




316 





[HI] 




(007) B (103) m (101) ffl 



[H2] 



assa 205 
awnajff 204 

203 
202 

201-3 Q 

AMI 201-2 > $ 
ft 

201-1 J 201 
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[13] 



CO 




(13) 
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C2><Z><Z>®<Z><2><Z><Z><2><2> 

<H> C5D (2> <2> <Z> CS> <2><H>cH> 
<Z>C2> (2><3£> <2D <Z> <2> <3> c2> <Z5 
<2><a><2XZ><Z><2><2><3><25<2> 

<z> ci><2) (2> cz> cz> <a> c2><a> ca> 

<2><2D <Z> <Z> <3> <Z> <Z> <2> <2> ® 
<2><2><3><2>C2><Z>C2><2><2> ®l 

<2><2><2><Z><2><2><Z><Z><2><3> ~ 




